Background: We sought to determine whether adolescents with metastatic alveolar rhabdomyosarcoma (ARMS) or embryonal RMS (ERMS) had a different event-free survival (EFS) compared with younger patients, and to identify treatment-related factors (adverse events, AEs) that may be associated with differences in outcome.
INTRODUCTION
Patients with metastatic rhabdomyosarcoma (RMS) account for 16% of all cases of RMS. [1] [2] [3] The 5-year progression-free survival of patients (age <21 years) with metastatic disease on Intergroup Rhabdomyosarcoma Study III was 27-30%. 1 A pooled analysis of patients with metastatic disease from both North American and European cooperative groups identified age younger than 1 year or greater than 10 years to be negatively correlated with event-free survival (EFS), with a relative risk of relapse or death of 1.6 (95% confidence interval [CI]: 1.4-1.9, P < 0.0001). 4 We previously demonstrated that adolescents with intermediate risk (nonmetastatic) RMS experience less hematological and more peripheral nervous system toxicity than younger patients. 5, 6 In order to determine if the same trends exist in adolescents and young adults (AYAs, ages >13) with metastatic RMS, we sought to determine whether age-related differences in toxicity and disease-related outcome persisted in the context of modern therapy for metastatic RMS.
We used the recently completed Children's Oncology Group (COG) study, "Intensive Multi-Agent Therapy, Including DoseCompressed Cycles of Ifosfamide/Etoposide (IE) and Vincristine/ Doxorubicin/Cyclophosphamide (VDC) for Patients with High-Risk Rhabdomyosarcoma" (ARST0431) to complete this analysis. 7 
METHODS

Patients
We reviewed toxicity data for 109 patients on ARST0431; details of treatment and outcome have been published previously. 7 Patients were included in this study if they were less than 50 years of age and had metastatic rhabdomyosarcoma or ectomesenchymoma, good performance status, and no prior chemotherapy or radiation therapy. The treatment schema and chemotherapy dosing are shown in Figure S1 in Supplementary Materials. Twenty patients received irinotecan daily for 5 days for 2 weeks per course (VIx5×2) and 89 patients received irinotecan daily for 5 days for 1 week per course (VIx5×1). Criteria for stopping therapy included progressive disease, intolerable toxicity, refusal of further protocol therapy by patient/parent/guardian, completion of planned therapy, physician determination that it is in patient's best interest, or diagnosis of a second malignant neoplasm.
Prescribed dose modifications included delay of starting next cycle of therapy for low blood counts, dose reduction of cyclophosphamide by 25% for renal dysfunction (creatinine clearance < 10 ml/min/1.73 m 2 ), elimination of ifosfamide for severe renal dysfunction, dose reduction by 25% of vincristine and actinomycin for hyperbilirubinemia, delay or discontinuation of doxorubicin for cardiac toxicity, and delay of vincristine for peripheral neuropathy. For mucositis secondary to doxorubicin, the protocol suggested shortening infusion time from 48 to 24 hr, or reducing dose by 25% for persistent toxicity. Often, patients were noted to have dose modifications that fell outside these suggestions and are listed as "unplanned dose modifications." Of note, myeloid growth factor was required on study, but prophylactic antibiotics were not. Toxicity data that were grade 3 or higher were extracted from patient chart by data coordinators and documented as an adverse event that was either severe, life threatening, or causing death.
Statistical considerations
Adverse events (AEs) as assessed by CTCAEv3.0 included toxicity of grade 3 or higher and were recorded. 8 For example, grade 3 pain is described as severe pain or pain or analgesics severely interfering with activities of daily living and grade 3 nausea is associated with inadequate oral caloric or fluid intake, or requiring IV fluids, tube feedings, or total parenteral nutrition for 24 hr or more. The rate of various AEs was compared between the age groups: younger patients (≤13 years of age) or adolescents (>13 years of age), separately for each reporting period (four reporting periods [protocol weeks 1-6, 7-19, 20-34, and 35-54]) using the Fisher exact test. We chose age 13 years as a cutoff to separate the population into those who are most likely to be pre-vs. post-pubertal.
EFS was defined as the time from study entry to the first occurrence of progression, relapse after response, or death from any cause.
Patients who did not experience an event were censored at their last follow-up. EFS distributions were estimated using the Kaplan-Meier method 9 and were compared using the log-rank test. 10 Statistical significance was determined at the 0.05 level.
RESULTS
Patient demographics
The demographics of patients included in this analysis are summarized in Table 1 . Seven (6%) patients were greater than 21 years of age. The younger patients who were less than or equal to 13 years had a median age of 5.14 years (range 0.45-12.27 years) and the adolescents older than 13 years had a median age of 16.17 years (range 13.3-29.9 years). Table 2 shows the association of individual toxicities (grade 3+) with age for each of the reporting periods. During the first reporting period (weeks 1-6), nausea/vomiting (17 vs. 4%, P = 0.06) and pain (20 vs. 6%, P = 0.05) were more common in adolescent than in younger patients.
Toxicity
During the fourth reporting period (weeks 35-54), infection was less prevalent in adolescents compared with younger patients (13 vs. 33%, P = 0.02). There were no other significant associations between toxicities and age.
All other toxicities were similar between the two age cohorts in the other reporting periods (RPs). A total of 34 patients did not complete RP4. Adolescents were less likely to complete therapy (≤13 years: 76%; >13 years: 63%) and more likely (in RP 4) to have unplanned dose modifications (outside of protocol guidelines) (23 vs. 2.7%). Most common reasons for failing to complete therapy included refusal (patient/parent) or physician determined not in best interest (≤13 years: 38%; >13 years: 70%) and disease progression (≤13 years: 38%; >13 years: 22%). Of the 65 patients who completed all therapy, there was no difference in the time required to complete therapy between the two groups (≤13 years: 63 ± 3.7 weeks vs. >13 years:
64.5 ± 8.8 weeks, P = 0.64). There were only two toxic deaths, both in RP3, one as a result of infection (16.8 years of age) and one as a result of concurrent cytomegalovirus infection and radiation pneumonitis (3.2 years). 11 
TA B L E 1 Patient demographics
Outcome
With a median follow-up of 7.4 years (range: 0.06-8.8 years) in surviving patients, the 3-year EFS and OS for all patients were 35% (95% CI: 26-44) and 56% (95% CI: 46-66), respectively. There was a statistically significant difference in EFS among the whole group (46% [32%, 61%], n = 49 for younger and 27% [15%, 38%], n = 60 for older; P = 0.011). EFS was similar among patients with ERMS: 55% (33%, 77%, n = 21) and 64% (39%, 89%, n = 15) for younger and older patients, respectively (P = 0.53). There was a significant difference in EFS among patients with ARMS: 30% [10.1%, 50.6%], n = 22 and 12.6% [2.3%, 22 .9%], n = 42) for younger and older patients, respectively. (P = 0.032). Adolescents with ERMS had significantly superior EFS and OS compared with adolescents with ARMS (P = 0.004
and P = 0.018, respectively).
To explore the association of toxicities with EFS, a "landmark analysis" was conducted. 12 Adolescent patients included in the analysis were only those who were alive and failure-free at the end of Reporting Period 2 (weeks 7-19). A patient was considered to have had a particular toxicity if it occurred in either of the first two reporting periods. For example, a patient was considered to have had grade 3+ diarrhea if it occurred at any point during weeks 1-19. For this analysis, EFS was determined as the time from the end of reporting period 2 until disease progression or death. We could not find any association between toxicity experienced and EFS. Specifically, each individual grade 3+ toxicity reported on Table 2 was not associated with time to disease progression or death after a patient was treated for 19 weeks. infection, toxic death, or differences in time to complete protocol therapy, we were unable to demonstrate that measurable differences in toxicity would account for differences in survival outcomes. The analysis of outcome is further limited by the inadequate data collection and follow-up for patients who were removed from protocol therapy.
DISCUSSION
Adolescents were more likely to report nausea and pain compared to younger children, which raises the question of whether there is truly a difference in these symptoms by age, or whether age impacts patient-reporting of such subjectively experienced toxicities.
Others, for example, have found that adolescents (15-17 years old)
report worse health-related quality of life (HRQOL) than young adults (ages 18-25), 13 and the CTCAE may underestimate the prevalence of subjective symptoms by as much as 40%. 14 therapy. [17] [18] [19] The impact on HRQOL with targeted therapies has been extensively studied in adults, for example, with renal cell carcinoma, due to the high frequency of disease, minimal change in EFS, numerous biological agents available, and chronicity of therapy. 20, 21 In this population, patients with similar EFS reported improved QOL with temsirolimus compared with interferon therapy, rendering temsirolimus the drug of choice. 22 Likewise, Ruxolitnib was approved for treatment of myelodysplasia based on improvements in patientreported pain compared with placebo. 23 It follows that appropriate symptom-control, due to tumor regression and supportive care intervention, is associated with improved HRQOL.
Future COG RMS clinical trials will strive to evaluate the role of biologically targeted therapies to improve outcome for patients with both intermediate-and high-risk disease. 24 Smaller differences in outcome may be offset by larger differences in HRQOL between standard and experimental arms. There are several instruments that can be used to assess HRQOL in the pediatric population, the most common being These young adult-focused versions have been validated against established group comparisons and measure the same domains as the child and adolescent instruments. 17 In summary, adolescents with metastatic ARMS reported pain and nausea more frequently than younger patients, but it remains unclear whether these differences in toxicity correlate with the higher dose modifications or reluctance to complete protocol therapy. In turn, these findings may or may not correlate with poor disease-related survival. Thus, prospective evaluation of HRQOL of patients is required to help inform best treatment options for patients and has become a goal for future studies in RMS.
